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v
NOTAT iON
SIMBOL DEFINITION UNITS
by Vertical deflection of wing elastic axis at in,
stution 1 -
" i 8% tation 1 don o it forse st sietiam s redfind
e at station J rad./in.#
.’j Acceleration force at station j #
Natural frequency of the wing; also flutter red./scc,
w frequency
(x) Symmetric matrix of influsnce coefficients
(u) Diagonul matrix of "lumped" nasses ‘ slugs
U29 Tip nuss of B=29 wing tip slugs
Kx Radius of gyration of F-84 in roll in, J
B P-8/ wing span in,
{} Brackets indicate & column vector
Flapping of the F-8/ sbout uttachuwent hinge in the rad,
B: f th bending mode
Half the mass of the B=29 fuselue slugs
my Lumped mass st station 1 slugs
A Koll of the B-?9 fuselage rud,
X Station along the elastic axds in, & I‘t:
I., Rolling moment inertis of hulf the B-29 fuseluge slug, f‘t..‘
(1) Unit matrix .
TJ Acceleration torque at stution § : # in,
;9,; Lumped moment of inertia at stetion i slug, I‘t..:2
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NOT AT ION
’
SYMBOL BEFINITION UnIp
ol . Angle of attack at atation i rad.
Generalized coordinate, assumed a harmonic function
%(t) of time
2
Ay Generaslized mass due to inertia coupling of i th and slug. ft.
J th degrees of freedon
g. Aileron deflection of the F-84 in the ith degree of rad,
¢ freedom
Sweep-back angle of the skewed attachment hinge rad,
"V line
g Percontage of critical structural damping
. ] '/ True airspeed ft./sece
oy
<
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SUMMARY .
The B=29 ~ F-B84 tip~to-tip configuration, using a two point attachment,

[P

is shown to be free from flutter instability st an altitude of 20,600 ft. up to a
speed of 300 mph (I.A.S.).

The aileron deflection, geared to the P-8, flapping at a ratio of 0.838: 8,

g Y Y -

plus the 3°3y skewed axis of attachment are sufficient to supply flutter

stabllity up to the design true airspeed of 300 mph at 20,000 ft. altitude,

RODUCT IO,

The purpose of the tip-to-tip project is to extend the action rudius of
protective fighters accompanying a B-29 bomber. At the suggostion of hepublic
Aviation and the Dynamics Branch of AMC it was agreed to determine the flutter
characteristics of the dirborne tip~to-tip configuration.

Due to the low bending, torsion and F~8( flapping frequencies anticipated
'[ ' for the attached configurution it was decided that any flutter instability would
of necessity be of the dynamiec inatability, low frequency type, ra‘her than the
classical higher frequency variety involving second and higher elastic vibration

modes. In addition, the damping influence of the tail surfaces was neglected,

and it was agroed to include these effects only if the basic wing-fuselege flutter

analysis showed instability.
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The admissible degrees of freedom were taken to be:

|
)
i
{
a) Symmetric Cases B=29 bending (including the associsted F-84 flap), g
B-29 torsion (includinf one attached F-8( wing panel), F-84 flapping. |
b) Anti-gyrmetric Cese: B=29 rigid roll (including P-8, flap), B-29 ;
bending (including P-8/ flap), B~29 torsion {including one elastic F-84
wing panel), F=84 flapping.
The aileron deflection, geured to the flapping of the F=-84 revlative to the B-29
wing tip was included in the flutter analysis only in so far as air loads are
concerned. The inertia effects of this degree of freadom we:s neglected es an in-
significant centribution to the net kinetic energy of the contiguration in flapping.
The aerodynamic effect of the induced F-84 ungle of attuck resulting from flepping
ebout a skewed axis, sweptback from the line of flight, was taken into account,
although this contribution to the net werodynamic work done was found to be
negligible in all cases.

The influonce of rigid translation of the B-29 was neglected for the symmetric
case on the argumunt thuat this is ;‘;tabilizing influence, and wculd be included
only if flutter instubility wes evidenced in the anaiysis.

The vibrution analysis was carried out using the B~29 mess and flexibility
data supplied by Boeing in Leference 1, The F-84 mass and flexibility date were
obtained from Reference 2, Uncoupled bending and torsion modes were computed and
used in the flutter analysis.

The analysis is limited to the following condition of flight:

a. 97,500¢ B=29 bomber
b, Two 14,450¢ F-8, fighters {

s 0. 20,000 altitude

=

€-1-1C
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a) Symmetyic Modes (bending) 1
]
The vibration analysis employed in this report makes use of the usual ;
matrix iteration methods. .
The entire structural inertia is assumed to bo concentrated along the {
elastic axias of the wing., For the purposes of this analysis, the e.a. was taken i
i
to be the 25% chord of ths B-29 wing. Let a4 be the cantilevered bending influencef !
f
coefficient of the B-29 wing at station i, due to a unit (1 1b.) load at station §.
Then, the symmetric mode deflection of station i, relutive tothe fuselage is given
by
N
. - . : (1
A; - ho - ? a'\j FJ )
J-l
Asesuming zero structural damping, the acceleration force at station §
is given by
Y b 2)
. = w .
F) w J J
In matrix form, Eq.'s (1) and (2) become
WL (
fn-n ) = 7 (R)M) {v) &
For the B-29 wing tip mass, m, , assuming that the attached F-84 does not ex=
perience elastic bending at these low frequencies, but merely flaps about the
skewed axis, the tip force is given by %
1 Fo=wiM i+ M, Th )
[ b t'P 14 0‘.{ e
-1-10
ALY . /49
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The effective mass of the flapping F~&. is given by
v !
K I
= M - 5

: Meysy B Bekr Z {

and the flap angle, (3 , resulting from a unit deflection of the B-29 wing tip 1is

given by

|
P av X (6)

The B-29 fuselage deflsction, h, , is ubtained by requiring that the

vidbrating eonfigurstion be in equilibrium.

h = - iml«, (7)

\
o Mo ce L [N

The matrix equation (Eq. 3) may be written in ito characteristic form

by eliminating h, , or

ey = E(IT - (M) () (M) {K)
(8)
where, -
2= ZTwm
(9)
W. m‘- ”\,‘
and ™. ml h\
(A= | -
m, e, - Mg,

[
H

}

The first bending mode is obtaihed by iteration of Eqe. (8).

P

-1-10
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b) Anti-symmetric Modes (bending) :
For the anti-symmetric case, the centilever bending mode is given "
v i
l’\\ - b‘,x -y ).Z_. (L‘) Fj (10) 1
In matrix form this becomes
{r-any = () (M) {ny 1)
b ]
To eliminate the 6,x » to obtain the charecteristic form of Eq, (11), we re-
quire that the acceleration moments about the fuselage center line be in
equilibrium,
- - baY
8, = - 1, Z. T (12)
Eq. (11) may then be written as
ks
w), ‘%o — \ ’ N .
Wy = (T-TeO)Ix)) () WY
(13)
K »
whero, 2":: I\j-.*ih*.xz' \l
)(I [ 2 TR [& \ \
and (14)
SEES s
(x) = ) S A &
[5) o 0 O ! x\'\
The anti-symmetric mode is then obtained by itedution of £qe (1)
~ Since no value wus given for the B-29 fuselage rolling moment of inertis,
; an average value was obtained from similur airplanes using the formula
by 2
T = .03 m. X
. £ (15)
£-1-10
REV . ¥/ 49
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In Eq. (15) m; was taken to be the true tip mass of the B-29 without

the P-8/ attachment,

c¢) Torsion Modes

For the torsional modes, the torsional influence coefficients were com-
puted using the effective B-29 CTR data obtained from Reference l. Since the F=84
is attached to the B-29 wing tip at two points, the flexibility of the F-8{ wing
panel in direct contact with the bomber wing was included in the torsional vibrution

analysis, The P-8, fuselage plus the outboard wing was taken as a rigid mass in

torsion,
The symmetric wing torsion at station i, relative to the fuselage pitch
is given by
S .. T
K -, T2 T
C o 3:' J J (16)
where
h S \] N .
T = w L (17)

The index , runs from the first B=29 station to the F-8( fuselagee

In matrix form, Eq.'s (16) and (17) may be written as
fa-od = T (R)() {a} (ae)

The bomber fuselage pitch, of, , may be eliminated by making use of the condition

for rotational equilibrium,

R
]
!
G-
M~
jL;
R

o (-] (19)

Bqs (18) may then be written as

{«} = F (FT - (D) OQ@) {0} (20)

E-1-10
REV,.%749
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where zZ =JA, ¢+ Z ¥
‘! .
L
|
ad Ju J'_ L . od J“ (2]') :
= d' S § Y J |
(X) = "
dl ‘gl- J L]

The symmetric torsion mode is then obtained by iteration of Eq. (20),
For the anti~gymmetric torajon mode there is no B-29 fuselage pitch,

so that o, = 0. The appropriate characteristic equation is then given by

N ‘{"‘} = u‘<‘<)('x){°‘} (22)

which can be solved as before by iteration,
The tables containing the computations for the elastic modes are listed
belows
Mass data for B=29, F=8) ceceevscccccoccccoccccccssscs TABLE 1
Bending and Torsional influence coefficients ..cccoeece TABLE 2
Matrix iteration for lst sym., bending ceeecccceocecese TABLE 3
Matrix iteration for lst anti-syp. bending scesecccces TABLE 4
Matrix fteration for lst sym, torsion cececccececccese TABLE 5

Matrix iteration for lst anti-gym. torsion .ccececevee TABLE 6

¢
The plen form of the tip-to-tip configuration is shown in Figure 1,
{ This figure also contains the location of the assumed elastic axes of both the
B-29 and P-8,, and the c.g. stations of the masses used in the vibration and flutter

analysis.

-l=12
REY .4/ 49
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a) Mechanical Terms
Tre flutter analysis is most conveniently carried out in terms of

gonoralized coordinates. Let the admissible degrees of freedom be

Symmetric Case:

hix,t) = h (x)q () + haGd) 4 (+)
: - " B (23s)
-o((!’-},) = ol (N) b (+)
Antl-Symmetric Case
) hoge) = M 1) 4+ h oo %al®) + hg (¥ 10
/ (23b)

A(¥,1) = X (g (4)

.

The deflection modes h; (W), o (x) are defined over the entire

coupled configuration as follows:

Symmetric Case

HODE B-29 P8
\ 650\
hy (%) lst sym, bending 1- 8*&‘()(_-77:}
8
650
l‘\p(ﬂ() 0 & 12
W o
7
X, (X) ‘lst sym. torsion 1st sym, torsion

—

PR
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Anti-Symmetric Caseo:

HODE B=29_ F-84
1st anti- . bendin _ A _ 8so
hn ) e ¢ - e Es (o
B8
h,(x) X112 | 8 S0
: g50 = e (K
®
L
-
ha () 0 T
12
4, (X) 1st anti-sym. torsion lst anti-sgym. torsion

The kinetic energy for 1/2 of the entire configuration is given by

g4 ¢, o
2T = 2 [vn(ac)h(x,f)+ 2400 hot) oo t) + J(,‘)c}'{iﬁ)]

X:o

(24)

| In terms of the generslized coordinates Eq. (24) becomes
2T = Z;T‘LT/\;j(X.h) g g (e (25)

The numerical tabulation of the kinetic energy integrals, Ajjy, is listed
| in Tables 7  and 12 .

Since the elastic modes are the only modes which store potential energy

the quadratic form for the potential energy may be written

L 1 1 {
‘ ! 20 = Al w: %k(f) + A Wy ‘b,‘(t) J (26)

|
|
|

t-x-xo
£V, 4I49
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b) Aerodynsmic Forces
Por the purposes of ccaputing the aerodynamic work done during the virtual

displacement of any of the generslized coordinates i!. is necessary to include the
F-8, change in angle of attack and aileron deflection resulting from flapping of the

attached fighter.

Symnetric Case:

hixe) = hu""g.lﬂ + Lp(x) A

27
o (x,t) = o, (x) %‘(0 + ot (%) Zh(t) + a(P(x) zﬁ(f) e7s)
ECu) T 4,009, (0) 4 dpwi g, 1)
Anti-Symmetric Case:
hix,t) :ﬁ h, (%) 4. (O + h g x) 9 (4) + hp(x) % (¢)
Ly €) ¥ X ()G D+ Al (#) +olg(x) go1e) + plx) g (1)
(27b)

S(x,¢) = S0 8) + Geoag ) o085 ()

The aileron deflection of the F-84 is & function of both the F-8. flapping and the

relative angle between the attached wing tips due to the bending slope of the bomber

Iin,g.

2"“'(')
& (x = 0.83(—(5;* 3 x=&‘2i°> g (28)

The aileron deflection i8 defined only over the F-8. aileron intervals and is teken

as a constaut positive value inboard and constant negative value outboard.

f-1-i0
REV .8/ 49
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The P-8, induced angle of attack due to fighter flapping is given by

P

This is taken as a constunt angle of attack over the entire fighter span. Figure 2
i1lustrates the sijn convention and kinematic relationships between o0, X
and the flapping of the F-8/ wing.

The cscillatory aerodynamic forces used in the analysis are the usual strip
theory forces given in Ref. 3, for a tapered wing, The reference chord, D, , is
taken at 3/4 span of ths bomber wing. The values of e and c; for the F-84 aneanﬂ

are taken from Ref., 2, The elastic axis locatiomsare defined as

. (30)

The work done by the aerodynamic forces is given by
{ ~ _
W = j I h(x,t) dx + J n o((X,{:)Ax + ) J oext) dx (31)

The generalized forces are given by

S ;;y«) (32)

which may be written in terms of the generalized coordinates as

1 {
Q= mpw ? B ¢, ; (33)

A s BB
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where Bij is given by
2 3 3 B
J- th k‘(x)L,. (X dx 4 JL" b (e x) dn 4+ JL; bh.(x)éi(x)ch
B;.‘) = 2 4 " ( )
JM*b&;mL,,m Ax + j‘M‘bu‘ (x);{j )dx + stba(.qu (9 dx 34
- 3, jo~ v, jov § -
'Jhb o;(x)kj(-t)dx + J,( b 4;(x)d,. (&)JX + ,J‘ b J‘. (x)al- (X)d)l
The aerodynamic coefficients L. , M; S 3’ are given by
b,
= Lk= I+EK._(L.\)
by bv . b,
La= —a+ % K e+ () |<3<l-.<\- (2+a) (g )k, (L)
Le': LP-<‘-Q)L2
Mo e - ek, ()
: b b \ by 1
Mo = 2427+ 5K M- (sa) § k(L) = (34a) (B) Ky (L)
3 by
+iva) 5K, (L) (35)
Mé = MP - ($+a) LP ‘(<-€)M3 -f(c-e)(%—éa)l_g. )
Nh = T, - (¢-e)B,
O, Ta (P~ (11T +c-0(ksa) B,
P - . - - Y
P TP SCe-e) Py - (cme) Ty + (c-®) Pa
4
s The integrals are evaluated for fixed values of the reduced frequenoy,LK .
Under this convention the complex values of ¥.{L.) , stc., are assumed sonstant
-1 1¢
PEV MY
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and are taken outside the integral sign, however, the varying chord remains under
the integral sign, N

c) Flutter Determinant

The lagrangian equutions of motion may be written fcr a fixed value of
d T ouU
g + —

dt D%:u) 3%&) = Q (36)
or, for the harmonic cuse where iﬂﬂ: - wt%; ()
-WwZ AL g A UATT ) 4 () = wpw Z B 49 (37)
ijAJ%j(d*w‘A“(Hra)%. r : )1'

The factor 3 is the structurcl damping which is teken proportional to the potential
energy and in phase with the velocity for harmonic oscillations,.

Eq. (37) represents as many equations as there are degrees of reedom.
For a non-trival solution of these equetions it is necessary and sufficient for the
matrix of the coefficients of %;M to be singular, Thic places the conditicn on the
flutter frequency, W , to be a root of the polynomial of the determinant of the
matrix,
Since the rigid body degrees of freedom are independent of (W , these
coordinates may be solved for in terms of the elastic degrees of freedomg The
equations may be reducea to a 2 x 2 determinant. The resulting quadrstic polynomial

i1s then solved for the critical fluttsr speed.

vy "
The flutter solution curves are plotted in the usual a.‘Vs. %

coordinate systenm, t

——
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